Hypertension following bilateral nephrectomy of dogs has been obtained consistently in association with sodium balance and in the absence of expansion of the extracellular fluid volume as ordinarily measured. An enhanced dietary protein intake appears to be involved in the genesis of the hypertension under these conditions. Alterations in protein and potassium metabolism are described. The present, as well as former studies on the hypertension following nephrectomy, suggest that multiple factors may be involved in the pathogenesis of the hypertension. These factors are discussed.
H YPERTENSION has been observed in dogs following bilateral nephrectomy when life has been extended by in vivo dialysis. 1 " 7 The first group of dogs 1 was given access to a diet of carbohydrate and fat, low in electrolytes and protein. Using a similar diet and dialysis with an artificial kidney or peritoneal irrigation Leonards and Heisler 2 ' 3 observed hypertension when nephrectomized dogs absorbed fluid (mainly sodium and water) and no hypertension when fluid equilibrium was maintained. These workers, as well as Kolff 5 considered the hypertension to be related to the sodium retention. Braun-Menendez and v. Euler 8 reported hypertension following bilateral nephrectomy of the rat, and Braun-Menendez 9 later emphasized the association of hypertension of the rat in various conditions with an expanded "extracellular fluid volume." Recently Grollman and Shapiro 10 observed an expanded "extracellular space" in experimental as well as clinical hypertension. Orbison and co-workers 11 demon-From the Department of Pathology, Southwestern Medical School of the University of Texas, Dallas, Tex.
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Received for publication June 4, 1953. strated a rapid and pronounced hypertension in nephrectomized dogs given a substantial load (100 ml. per kilogram per day) of a solution of electrolytes. Masson, Plahl, Corcoran and Page 12 presented additional data indicating an aggravation of the hypertension of postnephrectomy by means of saline.
Prior to the use of dialyzing procedures it was generally considered that bilateral nephrectomy of dogs was unattended by hypertension. 13 Even during this period, however, rare animals were observed to become hypertensive. 14 ' 15 Impressed by this finding Harrison, Mason, Resnik and Rainey 15 designated this as an "uremic hypertension" in contradistinction to the "renal hypertension" of the Goldblatt preparation. In our early series of dogs nephrectomy without dialysis was associated usually with a mild to moderate elevation of arterial pressure and occasionally with prominent hypertension. 16 Leonards and Heisler and Orbison and co-workers did not confirm this observation, although the latter workers encountered an occasional slight increment in pressure.
In our experience the hypertension following bilateral nephrectomy alone may be short-lived and followed by circulatory collapse. Without dialysis, nephrectomized dogs frequently vomit, 440 DIETARY PROTEIN AND HYPERTENSION particularly when given access to water or food. Salt depletion may occur rapidly with vomiting, eventuating in no elevation in blood pressure or circulatory collapse. This question was reappraised recently in a group of nephrectomized dogs that did not vomit, were not dialyzed and were given no food or water, and yet, 36 per cent of these dogs developed hypertension. 17 These and the isolated observations of Harrison and Winternitz and co-workers tend to indicate a fundamental disturbance in the pathogenesis of the hypertension following renal ablation other than that associated with an exogenous salt load.
Nephrectomized dogs subjected to peritoneal irrigation lose considerable quantities of plasma protein and nitrogen in the outflow irrigating fluid. 18 Nitrogen balance with a subnormal protein intake and an average of 55 calories per kilogram per day has indicated an average negative nitrogen balance amounting to minus 0.9 Gm. per kilogram per day. In an additional series maintained in sodium and water equilibrium and given a mild dietary protein intake, hypertension developed in 35 per cent of the dogs." These observations suggested that dietary protein might influence the development of the hypertension. The present study resulted from an effort to test the role of dietary protein in the genesis of the hypertension more stringently.
METHODS
Adult mongrel clogs of either sex, weighing between 10.3 and 16.5 Kg. were used. The first kidney was removed under sodium pentabarbital anesthesia and the second, 7 to 10 days later under light ether anesthesia. Daily body weights and mean arterial pressures by direct femoral artery puncture and a mercury manometer were obtained for one week prior to the second nephrectomy, averaged and considered as controls. The control mean arterial pressures varied between 110 and 120 mm. Hg. Peritoneal irrigation as previously described, 7 was begun on the day of the second nephrectomy. The irrigating fluid had the following ionic composition given as milliequivalents per liter; sodium 141, calcium 5, magnesium 1, chloride 106 and bicarbonate 41. In addition it contained 100 ing. of terramycin* and 30 Gm. of dextrose per liter. As noted, the fluid was devoid of potassium. The peritoneal cavity was irrigated daily with 2 to 3 liters of fluid, * Kindly furnished by Clias. Pfizer and Company. the fluid remaining for 6 to 14 hours before withdrawal.
The dietary formula consisted of dialyzed peanut oil, casein, dextrose and a previously described vitamin supplement. 7 The formula was prepared as a semisolid, 200 Gm. of which contained the following: 825 calories (distributed as follows, protein 16 per cent, carbohydrate 29 per cent and fat 55 per cent); 5.4 Gm. of nitrogen; no sodium, and 2.1 mEq. of potassium. The caloric intake varied between 34 and 136 calories per kilogram body weight per day (average 77 calories per kilogram per day); however, in 10 of 14 dogs the intake varied between 34 and 87 calories per kilogram per day (average 65 calories). The intake of protein varied between 1.4 and 4.2 Gm. per kilogram body weight per day (average 2.7 Gm. per kilogram per day). Small quantities of the semisolid formula were placed in the back of the mouth between the cheek and the tongue while the animal was on its side; this procedure caused swallowing. The animals were fed one or two times daily.
Mean arterial pressure was taken daily after removal of the overnight irrigating fluid. The quantity of fluid removed was measured on each occasion. Samples were taken directly from the peritoneal cavity at the beginning of the withdrawal procedure for the analysis of its sodium, potassium, nitrogen and plasma protein concentration.
Plasma volume was determined by the T-1824 dye technic. Blood and red blood cell volumes were obtained by the hematocrit readings (Wintrobe's method), using a correction factor of 0.92.
Distribution of sulfate was determined by a modification of the method of Walser and coworkers. 19 Radioactive S 35 as sulfate in intravenous doses of 100 microcuries or less, was used. Serum samples were taken at 15, 30, 60 and 120 minutes. The minute counts fell in a straight line with a slight slope. Fifteen minutes was often insufficient time for complete mixing; 30 and 60 minutes gave the most consistent results of adequate mixing. Counts were obtained with a flow counter. A dried sample of undiluted serum (0.1 to 0.2 cc.) on an aquadag* impregnated paper disc was mounted on an aluminum disc. The aquadag aided in the uniform dispersion of the serum over the counting surface and decreased selfabsorption and back-scattering. Samples of the sulfate solution injected were diluted with normal serum to about the same concentration as the unknown samples. The latter were counted at the same time and under the same conditions. Counting time varied between 10 and 20 minutes per sample, or until 100 X 64 counts were obtained. An average of 4.5 X 64 counts per minute were obtained before and 5.28 counts per minute after the second nephrectomy. In 22 duplicate samples the values differed by an average of 0.5S per cent. * A colloidal water suspension of carbon.
The sulfate space of 27 normal dogs with the above technic. varied between 13.2 and 26.3 per cent of the body weight, with a mean of 17.7 per cent. The standard deviation was 2.S3 and the probable error 1.91.
Inulin space was measured according to the directions given by Guadino and Levitt. 20 Inuline concentration was determined by Harrison's method. 21 The inulin was allowed to equilibrate for two hours. Thiocyanate space was determined by the procedure of Crandall and Anderson, as previously modified. 22 Bromide space was determined according to Wuth.
The distribution of these various substances was determined on the first day after the second nephrectomy and at the end of the study period. The former value was taken as the "control" value.
Sodium concentration of the serum and irrigating fluid was determined by the method of Butler and Tuthill. 23 Plasma and fluid chloride concentration were determined by the procedure of Whitehorn. 24 Potassium concentration was determined by the method of Jacobs and Hoffman. 25 Plasma urea concentration was determined by the method of Taylor and Blair. 20 The nitrogen values were obtained by micro-Kjeldahl digestion and direct nesslerization as described by Folin and Wu. Protein concentration of the plasma and irrigating fluid were measured by the Greenberg method 27 as checked by the micro-kjeldahl method. RESULTS /. Hypertension. Figure 1 relates the daily changes in the mean femoral pressure in the 15 dogs. A significant hypertension occurred early and remained sustained throughout the study period. Alter the second nephrectomy some degree of hypertension was encountered within 24 hours, which in over one-half of the animals amounted to +15 mm. Hg or more. Within 48 hours 75 per cent of the animals showed elevations in excess of +15 mm. Hg and over one-half exceeded +25 mm. Hg. Thereafter, in all but one dog the pressure elevation exceeded +25 mm. Hg. Elevations in mean arterial pressure of +40 to +80 mm. Hg were observed in half of these animals.
IH figure 2 the promptness and magnitude of the hypertension in the present series is compared with that of a previous series of dogs which were depleted of nitrogen and were allowed to absorb the peritoneal fluid (mainly Na and water). 18 Although the animals of the previous series gained weight as a consequence of the sodium and water loading, measurement of the plasma volume and hematocrit reading indicated normovolemia and anemia. Under these conditions the hypertension evolved at a slower rate, requiring six days to attain the magnitude observed within two days in the presently described group of dogs.
The differences in the progress of the hypertension in these two preparations suggest modifications in the pathogenesis of the hypertension. Orbison and co-workers" observed a prompt rise in the mean arterial pressure of nephrectomized dogs, similar to that described in figure 1. Their series differed from that of figure 2 by having no external loss of nitrogenous products and by the degree of salt loading which for the same interval, exceeded that of the group in figure 2 by 7 to 10 times.
2. Blood, Plasma, RBC Volume and Hematocrit Reading. These values are related in figure 3. The hematocrit reading receded in 12 of 15 dogs, the mean values changing from 0.432 to 0.383 in three to seven days. Thiee dogs displayed a slight elevation of the hematocrit reading. The total blood volume decreased in 7, remained unchanged in 4 and increased by 0.9 to 1.5 per cent of the body weight in 3 of 14 dogs. The red blood cell volume decreased in 9 of 14 dogs as formerly described. 2 '-2 ' J Five of 14 dogs displayed an increment in the red blood cell volume of 0.3 to 0.7 per cent of the body weight, which is unique in our experience with nephrectomized dogs. The plasma volume increased in nine, remained unchanged in two and decreased in four dogs. These observations indicate that the hypertension occurred in association with a hypoor normovolemia in 80 per cent of the animals. When hypervolemia supervened, it represented a relatively minor increment of the total blood volume.
3. "Sulfalc Space" as Measured by Radioactive S 3b as a Measurement of the "Extracellular Fluid Space." The space into which radioactive sulfate distributes itself, which normally amounts to a volume comparable to that into which inulin is distributed, decreased slightly to markedly in 12 dogs (see table 1 ) and in-creased by 0.3 and 0.7 per cent of the bodv weight in 2 of 14 dogs. While these changes in the "sulfate space" occurred, the hypertension assumed a significant and sustained level. Thus, by this method of measurement of the "extracellular fluid space" the hypertension was not related to an expansion of this space.
4-Other Distributional ("Space") Measurements ( Table 1 ). The distribution of thiocyanate, inulin and bromide within 5, 8 and 5 of the 14 dogs is also given in table 1. The "SCN space" was depressed in two dogs, unchanged in one, slightly elevated in one and definitely elevated in one dog. The "inulin space" was depressed in six dogs, slightly elevated in one and definitely elevated in one dog. The "bromide space" was depressed in one dog, unchanged in two and elevated in two dogs. The validity of these measurements is subject to greater circumspection than for the "radiosulfate space," particularly in the case of the "inulin space" where fluctuations in the inuloid blank have been described in uremia. 30 Nevertheless, hypertension occurred in association with a depression of these "spaces" and distinctly in the absence of their substantial expansion.
5. Body Weight. Figure 4 week prior to the second nephrectomy. During the first two days the body weight was either unchanged or slightly depressed; thereafter it usually declined by 2 to 8 per cent. Factors in the decline in body weight included an over-all negative nitrogen balance and the normal second represented the first to third day during which the mean arterial pressure was first: elevated to +25 mm. Hg or more.
The fluid balance, as discussed herein, consists of the fluid input and output via the peritoneal cavity. No diarrhea occurred to evacuation of the bowel (diarrhea did not occur in the present group). 6. Fluid Balance. The fluid balance, as well as that of sodium and potassium, has been divided into two periods. The first consisted of the entire study and balance period which varied between three and seven days, during which the hypertension was sustained. The complicate the balance and negligible vomiting occurred in four dogs only. The insensible water loss was considered to be replaced by the diet (table 2) and the water derived from tissue degradation.
During the entire period of study 9 of the 14 dogs were in fluid balance, whereas five dogs gained 0.1, 0.2, 0.2, 0.8 and 1.0 liters of 444 DIETARY PROTEIN AND HYPERTENSION fiuid. During the interval that the arterial pressure was first elevated to +25 mm. Hg or higher (one to three days), however, all 15 dogs were in fluid equilibrium. librium via the irrigating fluid, and since this constituted the only source of sodium from the outside, it can be stated that an exogenous sodium load was not essential for the develop- 7. Sodium Balance. For the entire study (table 2) 7 of 15 dogs gained or lost sodium to degrees varying between +16 and -34 milliequivalents. An additional four dogs gained between 31 and 78 mEq. while four dogs gained between 100 and 179 mEq. Thus, half of these animals were near or in sodium equi-ment of the hypertension. This point is further strengthened by the sodium equilibrium at the time the hypertension first reached +25 mm. Hg or higher (one to three days). As depicted in figure 5, at this time 6 of 14 dogs showed a net sodium loss varying between minus 4 and 38 mEq., while five dogs gained between 10 and 45 mEq. and two dogs gained 60 and 90 mEq. Although the expression of hypertension could occur in the absence of an exogenous sodium load, at least half the animals displayed a tendency to retain sodium.
8. Chloride Balance. For the entire study period (table 2), 10 of 15 dogs revealed a change in the net gain or loss of chloride varying between +17 and -48 mEq. Four dogs gained 32 to 42 mEq. while one gained 193 mEq. However, at the time the arterial pressure reached +25 mm. Hg or higher 11 of 14 dogs revealed a net loss of 2 to 36 mEq. loss varied between 6 and 45 mEq. (average 19 mEq.). Peritoneal Fluid {Fig. J,) . The control serum sodium values for the 15 dogs varied between 129 and 153 mEq. per liter with a mean of 140 mEq. per liter (o-±7.0). During the hypertension six dogs yielded a slight increment in the serum sodium concentration (+3 to +7 mEq. per liter), whereas two dogs revealed a prominent increment (+10 to +14 mEq. per liter); of the remaining dogs three revealed a slight decrement in the sodium concentration chloride and three dogs gained between 9 and 31 mEq. Thus measurements of the chloride input and output in general support the interpretation concerning the exchanges of sodium.
Sodium Concentration of Serum and
9. Potassium Balance. The potassium in the diet usually varied between 1 and 3 mEq., while the irrigating fluid contained no potassium on entrance and between 4.5 and 8 mEq. per liter upon exit after equilibration with body fluids. For the entire study period (table 3) loss of potassium varied between 17 and 59 mEq. (average 31 mEq.), whereas for the interval of one to three days during which the mean arterial pressure first reached +25 mm. Hg or more above the control the potassium ( -2 to -8 mEq. per liter) while three demonstrated a prominent decrement (-13 to -20 mEq. per liter). Thus, there was no consistent alteration in the serum sodium concentration as the hypertension progressed, and 9 of 14 animals showed a change varying between -S and +7 mEq. per liter.
The sodium concentration of the outflow peritoneal fluid on the first day was comparable to that of • the control serum values (range 129-156 mEq. per liter; mean 139 mEq. per liter, o-±9). Thereafter, half of the daily values varied between 135 and 145 mEq. per liter; however, various fluctuations occurred. In six dogs the greatest daily changes in the fluid sodium concentration amounted to -5 to +7 mEq. per liter, while in the remaining nine dogs the greatest fluctuation varied between -15 and +16 mEq. per liter ( fig. 4 ). Sodium Balance in mEq. 0 1 2 3 Days FIG. 5. The state of the sodium balance is given by the bar scattergraph on the right. The zero value represents the starting time for the balance period whereas the solid dots relate the state of the sodium balance at the end of the first balance period of one to three days, at which time the mean arterial pressure was first elevated to +25 mm. Hg or higher, except for one dog with the elevation of +20 mm. Hg. The state of the blood pressure is related by the figure on the left. the serum sodium concentration in 11 of 14 dogs. There was no change in two dogs; a slight increment in two dogs (+6 and +8 mEq.); a prominent increment in two dogs (+11 and +14 mEq.); a slight decrement in six dogs ( -5 to -11 mEq.) and a prominent decrement in three dogs (-15 to -16 mEq.).
The chloride concentration of the outflow fluid on the first day varied between 97 and 117 mEq. per liter (average 109 mEq. per liter; a ±6). Thereafter, variations occurred as with the sodium concentration, but in general there was a greater tendency toward an overall decrement in the fluid chloride concentration than in the fluid sodium concentration. (Fig. 4) -The control values of the serum potassium concentration varied between 3.4 and 5.0 mEq. per liter with a mean of 4.3 mEq. per liter (c ±0.7). Thereafter spot checks showed an increment for all dogs between the third and eighth days. Between the third and the fifth days the average of the values amounted to 5.3 mEq. per liter, whereas between the seventh and eighth days the average was 6.4 mEq. per liter. Thus, as the hypertension developed a slight to moderate hyperkalemia accrued.
Potassium Concentration of the Serum and the Peritoneal Fluid
The potassium concentration of the outflow peritoneal fluid on the first day was comparable (Fig. 4) -The chloride concentration of the control plasma samples varied between 98 and 116 mEq. per liter (average 105 mEq. per liter; a ±5). The plasma chloride concentration changed in a manner similar to to that of the control serum values (range 3.5 to 5.9 mEq. per liter; average 4.3 mEq. per liter; <r ±0.5). Thereafter the fluid potassium concentration of each dog was elevated. The mean values from the second to the eighth days were 5.1, 5.4, 6.0, 6.0, 6.1, 6.8 and 7.4 mEq. per liter. These concentrations of potassium indicated a negative potassium balance. Thus, the development of hypertension seemed to be associated with a liberation of potassium into the extracellular fluid and its subsequent removal by the irrigating procedure.
Chloride Concentration of the Plasma and the Peritoneal Fluid

IS. Urea Concentration of the Plasma and
the Peritoneal Fluid. The azotemia encountered in the present series of dogs ( fig. 6 ) exceeded greatly that of former series. 7 Within three to seven days the plasma urea concentration was elevated to 171 to 650 mg. per 100 cc. The pronounced azotemia may be considered indicative of absorption of the protein in the diet.
total quantity of circulating plasma protein as measured with the T-1824 dye technic. Yet, while such quantities of plasma protein were removed, the total quantity of circulating plasma protein either increased slightly or remained essentially unchanged in 10 of 14 dogs while in four dogs a decrement varying between 17 and 30 per cent of the control value occurred. The concentration of total protein in the plasma was slightly lowered in 10 and slightly raised in four dogs (table 4). These findings, which confirm previous observations, 18 indicate that these animals produced a considerable quantity of plasma protein while the peritoneal irrigation and hypertension proceeded. The urea concentration of the peritoneal fluid after equilibration underwent a steady elevation as in the case of the plasma (fig. 6) . The changes were similar to those of the plasma in nine dogs and exceeded the plasma values by +45 to +120 mg. per 100 cc. in five dogs.
Loss of Plasma Protein in the Irrigating Fluid and the Degree of Generation of Plasma
Protein. The plasma protein concentration of the outflow irrigating fluid, as previously observed, 18 varied between 2 and 4 Gm. per liter in two dogs, between 2.8 and 7 Gm. per liter in 11 dogs and between 6 and 12 Gm. per liter in two dogs. With these concentrations and the turnover of 2 to 3 liters of fluid via the peritoneal cavity per day, the total loss of plasma protein by this route during the observation period of three to seven days varied between one-half and two times the control 15. Nitrogen Balance. Despite a substantial intake of dietary nitrogen, our studies (table 5) indicated a negative nitrogen balance of varying degrees (minus 0.02 to minus 1.04 Gm. per kilogram per day) in 13 of the 15 dogs during the hypertension. It did not appear to be entirely dependent on the quantity of nitrogen in the diet; certain dogs with a higher intake of nitrogen (dogs 14 and 15) yielded either a lower negative or a positive nitrogen balance, and dogs with a lower intake of nitrogen (dogs 5 and 6) yielded a higher negative balance; yet certain other dogs with a higher intake of nitrogen (numbers 2 and 3) revealed a more pronounced negative balance than others with a lower input (numbers 11 and 12). These and former studies 18 suggest a basic tendency of nephrectomized dogs to lose considerable quantities of nitrogen during dialyses. nitrogen, respectively, in the irrigating fluid. The net loss of potassium and nitrogen was expressed as the potassium:nitrogen ratio, designated as milliequivalents of potassium to 1.0 Gm. nitrogen. It offers a means of consider-ing whether potassium and nitrogen are lost at. rates comparable to their concentrations in tissues. Darrow 31 has determined the potassium: nitrogen ratio of various tissues as 2.8/1.0 to 3.1/1.0. Table 6 contains the daily potassium: nitrogen ratios as well as the total potassium: nitrogen ratio in our animals for the three to seven days of study. Of 13 total potassium: nitrogen ratios seven varied between 0.5/1.0 and 1.87/1.0. Of the remaining six total values four were within the expected normal values of various tissues (2.57/1.0 to 3.3/1.0) and two were above normal (5/1.0 and 6/1.0). Of 11 dogs revealing an increase in the potassium: nitrogen ratio on the first or second day, thus indicating a greater loss of potassium over nitrogen, five revealed a positive nitrogen balance at this time. Of these 11 dogs, 10 developed a significant lowering of the potassium : nitrogen ratio between the third and seventh days. Four dogs had a lowered potassium :nitrogen ratio from the first day on.
The lowered potassium:nitrogen ratio indicates that nitrogen is removed at a rate greater than potassium. The magnitude of loss of potassium and nitrogen and the loss of weight suggest a substantial tissue origin of these substances. The possibility that nitrogen streams out of tissues at a rate greater than potassium for a sustained interval appears unlikely. More plausible is the possibility that the nitrogen and potassium are derived from tissue breakdown, thus the weight loss, but that the subsequent movement of these two substances differ. The nitrogen seems to enter mainly into the peritoneal fluid, while the potassium appears to be deviated away from the extracellular fluid, either into certain cells or into an extracellular depot as bone.
The changes in the potassium:nitrogen ratio as the hypertension mounted suggested that during the early phases of its pathogenesis the hypertension was associated with the retention of nitrogen to a certain degree while potassium was lost at a greater rate; subsequent to the establishment of the hypertension, however, nitrogen was lost at a greater rate than potassium, even though at all times there was a negative potassium balance and much of the time a negative nitrogen balance existed.
17. Influence of Sodium Loading on the Hypertension. After three to seven days the dogs were allowed to gain sodium and water via the peritoneum. Fluid and sodium balance and mean arterial pressure were studied for tension herein described was not subject to additional potentiation by a positive sodium intake. Thus, if an increment of the sodium ion in certain parts of the body (cardiovascular structures) represents an integral feature of the pathogenesis of the hypertension, as suggested by certain studies, 2 ' 3i 5i s -9> 3 -then Days 0/+6.9 (table 7) . During-the two to three days the animals gained between 1 and 2 liters of fluid and 136 to 305 mEq. of sodium, but the mean arterial pressure remained at about the same level, with the exception of one dog in which it rose 30 mm. Hg. The blood pressure was slightly depressed more often than it was elevated.
These observations indicate that the hyper-endogenous sources must be capable of supplying this theoretic requisite in experiments such as those herein reported. 18. Survival and. Mode of Death. Eight dogs of the present series were used for additional studies on the eighth to twelfth days. Seven dogs were allowed to die on the ninth to twelfth day. In all instances outstanding vomiting began at seven to nine days and watery diarrhea occurred in three cases. Mean arterial pressure dropped and remained lowered (90 to 125 mm. Hg) for two to four days before death. When compared to other series of nephrectomized dogs, 4 ' 6i 7 the survival of these seven dogs was markedly shortened. The cause could not be determined.
19. Cardiovascular Lesions. Tissues from various viscera of 12 of the 15 dogs were studied microscopically after death. All animals displayed cardiovascular lesions of the type previously described. 7 ' 16 ' 33 The main arteriolar lesion was characterized either by necrosis of groups of smooth muscle fibers of the media sulfate method, indicated not only a general lack of expansion in this space but a frequent decrement. Third, fluid balance was frequently maintained. Fourth, sodium balance was usually maintained. Fifth, the chloride balance in general confirmed the sodium balance. Sixth, the changes in body weight indicated a tendency toward loss of weight and particularly no weight gain as the hypertension mounted. Seventh, the balance measurements were conducted in the absence of vomiting (except for a few episodes in four dogs) and diarrhea.
The occasional development of hypertension following bilateral nephrectomy alone 14 or by early fusion of the necrotic muscle. This represents a higher incidence of cardiovascular lesions than formerly encountered. 7
GENERAL COMMENT
The development of hypertension following bilateral nephrectomy of the dog without an exogenous sodium load and in the absence of expansion of the extracellular fluid volume appears to have been demonstrated in the present experiments. First, the hypertension, which was unequivocal and pronounced early in the experiment, was associated with a normal or depressed blood volume. Second, the measurement of the extracellular fluid volume by different means, but especially by the S 36 cates the existence of fundamental endogenous factors in its pathogenesis, but there is confirmatory evidence from several laboratories 2 " 5 ' 7 " 9> n> 12 which indicates a potentiation or initiation of the hypertension after nephrectomy by an exogenous salt load (mainly sodium). In the recorded observations here hypertension occurred in the absence of an exogenous salt load when one apparent positive variable was modified, namely the increase of the protein (casein) content of the diet, and a negative variable was controlled as indicated by the absence or near absence of salt depletion by vomiting and diarrhea.
For the dog after nephrectomy there are at least three observations which support an influence of dietary protein on the genesis of the hypertension. First, Leonards and Heisler 2 ' 3 failed to observe hypertension when fluid and salt balance were maintained in the absence of protein in the diet. Second, fluid and salt balance plus a mild to moderate content of protein (casein) in the diet was associated with the development of hypertension in over one-third of nephrectomized and dialyzed dogs. 17 Third, fluid and salt balance, as herein reported, plus a higher protein (casein) intake affected a constant occurrence of hypertension. In the light of these various observations, the possibility that the endogenous breakdown of protein and the endogenous redistribution of sodium play a role in the development of the hypertension requires consideration in the future.
Another interesting relationship seems to exist between the intake of salt and protein and the hypertension of nephrectomy. Data so far indicate a difference in the temporal development of the hypertension and various magnitudes of the intake of salt and protein.
Thus, an early high input of salt (Orbison and co-workers") and a high input of protein (present experiments) have been associated with an early and prominent elevation of the arterial pressure. Conversely, a less pronounced salt load with no or negligible protein in the diet 18 and fluid and salt balance plus a mild to moderate quantity of protein in the diet 17 have been associated with a more gradual evolution of the hypertension. Moreover, once the hypertension has reached a plateau, additional loads of salt or protein usually have not aggravated it in the present experiments.
The potassium and nitrogen lost in the irrigating fluid seemed to be derived mainly from tissue breakdown. The relatively greater loss of nitrogen suggested a deviation of potassium away from the extracellular fluid in a manner similar to that described by Keating and co-workers 34 in acute experiments on nephrectomized dogs. Any attempt to incriminate these changes in nitrogen and potassium metabolism in the genesis of the hypertension from the data presented would be speculative. These changes, however, plus the indication that dietary protein influences the hypertension suggest the need for further consideration of both dietary and endogenous factors in the pathogenesis of the hypertension following bilateral nephrectomy. CONCLUSIONS 1. Hypertension following bilateral nephrectomy of the dog has been demonstrated in the absence of an exogenous salt (sodium) load and in the absence of expansion of the "extracellular fluid space" as currently measured.
2. Under the conditions of the reported experiment the hypertension appears to have been initiated and/or aggravated by the dietary protein (casein) intake.
3. The development of the hypertension was associated with changes in protein and potassium metabolism as indicated by a negative nitrogen and potassium balance while the caloric, vitamin and protein intake were theoretically adequate. The loss of nitrogen exceeded that of potassium, particularly after the second day of the nephrectomies (the potassium: nitrogen ratio of the outflow irrigation fluid was lowered).
4. Dietary as well as endogenous factors (such as the endogenous breakdown of protein and the redistribution of potassium and sodium) require further consideration in the pathogenesis of the hypertension after nephrectomy. The present as well as former observations suggest that multiple factors may be involved in the genesis of the hypertension after bilateral nephrectomy.
